monia, several nitrilases have been found and characterized.3~6) Nitrilases have been found to hydrolyze nitriles to the corresponding carboxylic acid and ammonia without forming amide as an intermediate, and do not use amide as substrate. However,a small but constant amount of amide was detected in the reaction mixture of partially purified ricinine nitrilase (EC 3.5.5.2) 4) On the other hand, the formation of amides during the growth of microorganisms on aliphatic nitriles has been reported by several workers.7~12) A question that has remained unsolved is whether the enzymatic hydrolysis of an aliphatic nitrile is catalyzed by more than one enzyme.17 '18) In the course of investigation on the microbial degradation of nitrile compounds, 11~15) we found a new enzyme, which catalyzed the hydrolysis of acetonitrile to form ammonia through acetamide in cooperation with amidase, in Arthrobacter sp. J-l. The enzyme was apparently different from known nitrilases. Thus, the nitrilase activity of the organism was proved to be due to a combination of nitrile hydratase and amidase.13) The present paper describes the formation of nitrile hydratase and amidase, and purification and enzymological properties of the former enzyme from Arthrobacter sp. J-l.
MATERIALS AND METHODS
Materials. Hydroxyapatite was prepared according to the method of Tiselius et al.l9) Dimethylsuberimidate dihydrochloride was purchased from Wako Pure Chemicals Ltd., Osaka. The standard proteins used for the molecular weight determination were purchased from Boeringer Mannheim GmbH and Pharmacia Fine Chemicals.
Amidase was partially purified from acetonitrile-grown Arthrobacter sp. J-l10) ( Step 5 of the purification procedure) 16 ) and was confirmed to be free of nitrile hydratase activity.
Other chemicals were commercial products.
Microbial Degradation of Nitrile Compounds. Part V. For Part IV, see ref. 15 . Microorganisms and cultivation. Arthrobacter sp. J-l,10) which could grow on acetonitrile as the sole source of carbon and nitrogen, was used. The culture medium contained 3.9g acetonitrile, 13 .4g K2HPO4, 6 .5g KH2PO4, lg NaCl, 0.2g MgSO4 7H2O, 0.2^ig biotin, 0.4mg calcium pantothenate, 2mg inositol, 0.4mg nicotinic acid, 0.4 mg pyridoxine à"HC1, 0.4 mg /?-aminobenzoic acid, 0.2mg riboflavin and 0.01 mg folic acid in 1 liter of tap water, pH 7.0. Cells were aerobically grown at 28°C.
Cell growth was estimated turbidimetrically: 0.65 mg dry cell weight per ml was equivalent to 1.0 unit of OD610.
Assay methods. Nitrile hydratase activity was routinely assayed by measuring the production of ammonia from nitriles in the presence of amidase. The standard reaction mixture contained 50 /miol of potassium phosphate buffer, pH 7.0, 5 /imol of acetonitrile, 0.ll units of amidase and enzymesolution in a total volume of 0.5ml. The reaction was started by addition of acetonitrile and carried out at 30°C for 20 min. The amount of ammoniawas measured by the indophenol method.20) In this assay system, the enzyme activity was evaluated properly in proportion to the protein concentration of nitrile hydratase, when more than 0.1 units of amidase was added to the reaction mixture. The reaction was found to be linear with time and enzymeconcentration. To estimate the amount of acetamide, the reaction was carried out in the absence of amidase and terminated by addition of 0.05ml of 1 n HC1. The reaction mixture was applied to Shimadzu gas-liquid chromatograph, Model GC-4CM,equipped with a flame ionization detector. The column used was a glass column of 3 mminside diameter, lm length, packed with Porapack Q (80 to 100 mesh). Column, injection and detector temperatures were 210°C, 240°C and 240°C, respectively. The carrier gas was N2at 40 cm3/min. The integration and calibration of peak areas were carried out with a Shimadzu Chromatopack C-RlA. Amidaseactivity was measured by the production of ammonia in the reaction mixture containing 50 /miol of potassium phosphate buffer, pH 7.0, 5 jumol of acetamide and enzyme solution in a total volume of 0.5ml. The reaction was carried out for 20 min at 30°C. The amount of ammonia was measured by the indophenol method.20) One unit of enzyme activity was defined as the amount of enzyme which catalyzed the formation of 1 fimol of ammoniaor amide per min.
Analytical methods. Protein was assayed by the method of Lowry et al.2l) or from the absorbance at 280nm, using an E[0/°m value of26.6 which was obtained from dry weight determination. The purity and sedimentation coefficient measurements were performed with a Spinco model E analytical ultracentrifuge. Figure 1 shows the change in the specific activities of nitrile hydratase and amidase in Arthrobacter sp. J-l during growth on acetonitrile.
The specific activity of nitrile hydratase was high in the early logarithmic phase, around 12-hr cultivation, and thereafter rapidly decreased. The specific activity of ami- dase reached maximum at 18hr. The concentration of acetamide in the culture broth was maximum(about 10him) around 12-hr cultivation and then decreased to zero at 18 hr. The effects of carbon and nitrogen sources on the activities of nitrile hydratase and amidase were examined. Table I shows that nitrile hydratase was inducibly formed when the strain was grown on acetonitrile, acetamide and rc-butyronitrile.
Amidase was also formed whenit was grown on acetonitrile, acetamide and acetate.
Purification of nitrile hydratase
All enzyme purification procedures were performed at 0 to 5°C and with potassium phosphate buffer, pH 7.0. min. The supernatant was dialyzed against the buffer (0.01 m).
Step 3. DEAE-cellulose column chromatography. The dialyzed solution was applied on a DEAE-cellulose column (10.5x20 cm) equilibrated with the buffer (0.01 m). After washing the column with the buffer (0.05m) containing 0.2 m NaCl, the enzyme was eluted with the same buffer containing 0.35 m NaCl.
Step 4. Ammonium sulfate fractionation. Solid ammonium sulfate was added to the eluate (760ml) to 40% saturation (185 g). After stirring for 30 min, the mixture was centrifuged at 14,000xg for 30 min, and then solid ammonium sulfate was added to the supernatant to 60% saturation. The active precipitate was dissolved in a small volume of 0.01 m buffer and dialyzed against the same buffer.
Step 5. First hydroxyapatite column chromatography. The dialyzed enzymesolution was placed on a hydroxyapatite column (5.2 x 13.5 cm) equilibrated with the buffer (0.01 m). The enzymewas eluted with a linear concentration gradient from 0.01 m to 0.06m in the buffer.
The active fractions (519ml) were concentrated by adding solid ammoniumsulfate to 80% saturation. The precipitate collected by centrifugation was dissolved in a small volume of the buffer (0.01 m) and dialyzed against the same buffer.
Step 6. Second hydroxyapatite column chromatography. The dialyzed enzyme solution was again applied on a hydroxyapatite column (4.9 x 6cm) and eluted in a similar manner. The active fractions (414 ml) were concentrated by ultra filtration.
Steps 7 and 8. Sephadex G-200 column chromatographies. The concentrated enzyme solution was placed on a column ofSephadex G-200 (3.5 x 1 10cm) equilibrated with the buffer (0.05m) containing 0.1m NaCl. The active fractions eluted with the same buffer were pooled and concentrated by ultra filtration.
This step was carried out twice.
A summary of purification of nitrile hydratase shows that about 290-fold purification with a 10% yield from the cell-free extract was achieved (Table II) . dimethylsuberimidate dihydrochloride in a total volume of 240jjl\ and incubated at room temperature for 12hr. The treated enzyme (6 pig) was subjected to electrophoresis at a current of 5 mA. The activity was assayed by measuring ammonia formation. The amount of protein was determined from the absorbance at 280nm,except for in the cell-free extract and protamine sulfate steps.
Step 
Purity of nitrile hydratase
The purified enzyme was sedimented as a single symmetric peak on ultracentrifugation as shown in Fig. 2 . Assuming a partial specific volume of 0.75, the sedimentation coefficient feo.w) was estimated to be 15.4S at the enzyme concentration of 0.25%. Figure 3 shows the results of disc gel electrophoresis of the purified enzyme after treatment with dimethylsuberimidate, which is a specific cross-linking reagent between protomers of a protein. 25 ) The enzymeshoweda single band on the gel.
Identification of reaction product
Identification of the reaction product with nitrile hydratase was performed with acetonitrile as substrate by gas-liquid chromatography. As shown in Table III , the retention times of the reaction product were identical with those of authentic acetamide.
Stoichiometry of acetonitrile hydration
The stoichiometry of acetonitrile consumption and acetamide formation during the hydration of acetonitrile was examined by gasliquid chromatography. As shown in Fig. 4 , it was found that 1 mol of acetamide was produced per 1 mol of acetonitrile consumed. The enzyme did not hydrolyze acetonitrile directly to acetic acid and ammonia, and did not have amidase activity.
Based on the results, the enzyme was proved to catalyze the following reaction: CH3CN+ H2O -* CH3CONH2. Subunits of the Enzyme by SDS-disc Gel Electrophoresis. The experimental conditions are as described in Fig. 2(A) . The molecular weights of reference proteins are: a-lactalbumin, 14,400; trypsin inhibitor, 20,100; carbonic anhydrase, 30,000; ovalbumin, 43,000; bovine serum albumin, 68,000; and phosphorylase b, 94,000.
Molecular weight and isoelectric point
gel filtration on Sepharose 6B (Fig. 5 ). The enzyme gave two bands on sodium dodecylsulfate (SDS)-disc gel electrophoresis as shown in Fig. 6 . The molecular weights of the subunits were calculated to be 24,000 and 27,000, and the ratio of each absorption at 600nm was 41 :59, as measured with a densitometer.
The enzyme had an isoelectric point of pH \.6 as shown in Fig. 7 .
Absorption spectrum
The absorption spectrum of the purified enzyme in 0.01 m potassium phosphate buffer, pH 7.0, showed the maximumabsorbance at 280nm, with a small shoulder at 290nm.
Effect of temperature and pH on the enzyme The reaction conditions were the same as described in Materials and Methods except that various nitriles or amides were used as substrates in place of acetonitrile or acetamide.
Relative initial velocity at 30°C.
The enzyme activities toward nitriles except for those marked "0" and "&" were assayed by amide formation with gas-liquid chromatography. The enzymeactivities toward amides (except for a-cyanoacetamide) were assayed by ammoniaformation without addition of amidase. Assayed by ammonia formation with addition of amidase. Assayed by substrate consumption with gas-liquid chromatography. Table V . Effect of Metal Ions and Inhibitors on the Enzyme The enzyme activity was measured by amide formation with gas-liquid chromatography, after the enzyme had been preincubated for lOmin at 30°C with various metal ions or inhibitors at the concentration indicated. 
2-Mercaptoethanol
The enzyme activity was measured as described in Table V except that the enzyme was preincubated for lOmin at 30°C in a reaction mixture containing various SH-inhibitors and/or 1 mM2-mercaptoethanol. Substrate specificity The enzyme activity toward various nitriles was examined at a concentration of lOmM. 
Effect of metal ions and inhibitors
The effect of metal ions and inhibitors at 1 mMconcentration on the enzymeactivity is shown in Potassium cyanide competitively inhibited the enzyme activity and the enzyme inhibition was recovered by overnight dialysis. As shown in Fig. 8 carbon atoms. As the alkyl group of a nitrile becomes longer, the enzyme becomes less active toward the substrate. Chloroacetonitrile was the best substrate for the enzyme. The electron-withdrawing effect of the chlorine atom seems to favor the nucleophilic attack of the sulfhydryl group of the enzyme on the nitrile carbon. However, malononitrile, which also has a strong electron-withdrawing group, a nitrile group, was not so active as chloroacetonitrile.
Further accumulation of knowledge on the microbial degradation of nitriles is necessary to clarify the relationship between the structure of nitriles and the degradation pathways.
